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© Fluorescent lamp. 

© A fluorescent lamp (13) characterized in that the charging tendency of a phosphor used is positioned more 
negative side than that of metal oxides each having a metal ion electronegativity Xj of 7.0 but more positive side 
than that of metal oxides each having a metal ion electronegativity X* of 1 1 .8, that particles of the phosphor are 
charged positive and smaller than 3.0 uC per "gram v/hen they are in contact with soda lime glass beads each 
having a particle size of 200 - 500 urn, or that they are charged negative and larger than -0.5 uC per gram when 
they are in contact with reduced iron powder having a particle size of 44 - 74 urn. 
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The present invention relates to a fluorescent lamp capable of reducing the occurrence of blackening 
smaller in the rate of lowering luminous flux, while the lamp is in use for long period, and rapid rising of 
luminous flux at starting stage of lighting. 

The fluorescent lamp is widely used as light sources for common illuminations, office automation 
5 machines, and light-emitting elements of the giant screen color display apparatus and also as back lights 
for liquid crystal displays. The reason why it is so widely used in various fields resides in that the electric 
power supplied can be converted into radiation with extremely high efficiency. 

This fluorescent lamp is arranged so that filing gas including mercury and one or two or more rare 
gases are filled in a glass tube on whose inner face a fluorescent layer is coated and that positive column 
70 discharge is generated in the filing gas. 

The positive column discharge can be usually kept generating by supplying electric energy to the filing 
gas through two electrodes. Mainly ultraviolet rays are generated by this discharge and most of them have 
wavelengths of 185 nm and 254 nm. The indensity ratio of the 185 nm light to 254 nm light is usually in a 
range of 0.2 - 0.4. These ultraviolet lights are converted into radiation which has longer wavelengths by the 
75 fluorescent layer on the inner face of the glass tube. These wavelengths depend upon the kind of phosphor 
particles contained in the phosphor layer and they range from those of near ultraviolet lights to those of 
visible lights and even those of near infrared lights. The most popular low fluorescent lamp is of 40W type 
shaped like a straight glass tube having a length of 1200 mm and an inner diameter of about 37 mm. The 
inner wall of this lamp is about 300W/m 2 . Note that "inner wall load" is defended a consumptive power per 
20 unit area of the inner face. 

The glass tube can be variously shaped like a circle, a letter U and a saddle in addition to like the 
straight line. As the fluorescent lamps have been made smaller and smaller in size, most of their glass 
tubes have been shaped in various complicated forms. 

As the color rendering properties of the fluorescent lamp have been deemed as being more and more 
25 important, the three components type white-emitting fluorescent lamp in which blue, green and red emitting 
phosphors each having a relatively narrow band emission spectrum distribution are used has become more 
and more popular. In the case of this three components type fluorescent lamp, the characteristics of the 
green emitting phosphor is important because luminous ratio of the green component to the while luminous 
flux (or output) of the lamp is the highest among the three color components. Rare-earth alminate-silicate- 
30 phosphate phosphor, rare-earth borate-silicate-phosphate phosphor, rare-earth orthophospate phosphor, 
rare-earth aluminate boarate phosphor and the like, each is activated by cerium and terbium, are well known 
as the green emitting phosphor. 

As the fluorescent lamp has been made smaller and smaller in size as described above, the inner wall 
load of its tube increased. Some fluorescent lamps each having a relatively high inner wall load are 
35 disclosed in German Patent Disclosure 2109898 and others. However, these lamps of a relatively high inner 
wall load have such drawbacks that their lamp efficiency is lower, that the rate of their lowering luminous 
flux is higher, that the occurrence of their blackening is faster, and that the rising of their luminous flux is 
slower, as compared with the common mercury lamp. 

Japanese Patent Disclosure Sho 54-42874 discloses a lamp wherein phosphor particles whose positive 
40 ions have the elemental electronegativity values lower than 1 .4 are used to form the phosphor layer which 
has a low luminous flux lowering rate. However, the single measure disclosed in this reference is not 
enough to prevent luminous flux from being lowered and the lamp from being blackened. 

Blackening of the fluorescent lamp have been considered to be caused by the following factors. Firstly 
the phosphor itself is deteriorated. The reasons are supposed to reside in that color center is formed in the 
45 phosphor by vacuum ultraviolet rays produced by the positive column discharge and that the surface 
structure of the phosphor layer is changed by the colliding of Hg ions at the surface of the phosphor layer. 
Secondly, the glass tube is black ended or colored by impurities and re.action products in it. This is 
supposed to reside in that oxides of filament and cathode matters, compounds caused by residues of 
organic binders, and/or mercury and mercury compounds contained in the filling gas adhere to the 
so phosphor layer. 

Those extents to which the lamp glass tubes are blackened are sometime different from one another 
and the qualities of the lamps produced are not the same in the case of the conventional fluorescent lamp 
which has a relatively high inner wail load, depending upon the kinds of phosphor particles (or fluorescent 
matters) used even though the lamps are manufactured according to the same process and the lamps thus 
55 manufactured are the same in structure and also depending upon the manufacturing lots even though the 
phosphor particles used are of the same kind. Particularly in the case of the green emitting rare-earth 
phosphor, the blackening phenomenon is more liable to be caused by contaminations originating from the 
adhesion of mercury and its compounds, as compared with the red emitting phosphor. In the case of the 
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three components type while emitting fluorescent lamp whose luminous flux depends severely on the 
luminous efficiency of the green emitting phosphor used, therefore, the above-mentioned drawbacks 
become more remarkable. 

As described above, the conventional fluorescent lamp which has a relatively high inner wall load has 

5 advantages of being made small and compact in size, but it has such drawbacks that its luminous efficiency 
is lower, that its blackening is liable to be caused earlier, that its luminous flux lowering rate is higher, and 
that the rising of its luminous flux is slower. In addition, these drawbacks are not caused in the same way 
and it is difficult for the lamps thus produced to have the same quality. 

The reason why the rising of luminous flux is slow is supposed to be caused by the mercury adsorption 

10 to the phosphor. Particularly v/hen the inner wall load of the lamp becomes high, the probability that 
mercury ions are re-bonded with electrons to become mercury atoms at the surface of the phosphor 
particles become high as electric current density is increased. Tne mercury atoms are liable to be adsorbed 
onto tho phosphor layer when the lamp is turned off as well as when it is turned on. When it is again turned 
on, this mercury adsorbed is firstly disrobed. Mercury cohering to the coolest part of the lamp so then 

rs gradually vaporized and luminous flux rises depending upon the vapor pressure of the mercury in the glass 
tube. Fig. 1 shows the relative between relative luminous flux and lighting time in the case of the 
conventional fluorescent lamps, wherein a curve (A) represents the rising of luminous flux in the case of the 
fluorescent lamp of 40W which has a relatively low inner tube wall load and which is shaped like a straight 
tube and another curve (B) that of luminous flux in the case of the fluorescent lamp in which the three 

20 component bands emitting phosphor is used and whose inner wall load is larger than 500W/m 2 . In Fig. 1 . a 
part (x) denotes the time at which mercury adsorbed on the phosphor layer is adsorbed and another part (y) 
the time at which mercury cohering to the coolest part of the lamp is gradually vaporized. 

The present invention is intended to eliminate the above-mentioned drawbacks and the object of the 
present invention is therefore to provide a fluorescent lamp having low rate of lowering luminous flux 

25 capable of preventing the occurrence of blackening, and rapid rising of luminous flux at starting stage of 
lighting operation although having a high tube wall load. 

A fluorescent lamp of the present invention comprises a light transmission glass tube, a phosphor layer 
coated on the inner wall of the light transmission glass tube and including phosphor particles, filling gas 
filled in the light transmission glass tube and including mercury and rare gas, and a means, arranged in the 

30 light transmission glass tube, for generating positive column discharge in the presence of the filling gas in 
the glass tube. 

According to a first aspect of the present invention, the phosphor particles have such charging tendency 
that is more negative side than that of metal oxides each having a metal ion electronegativity Xi of 7.0 and 
that is more positive side than that of metal oxides each having a metal ion electronegativity Xi of 1 1 .8. The 
35 metal ion electronegativity Xi can be expressed as follows: 

Xi = (1 + 2z) Xo 

wherein z represents the ion valency of metal ion and Xo the Pauling's electronegativity. 
40 According to a second aspect of the present invention, the phosphor particles are those which are 
electrified or charged by positive charge smaller than 3.0 uC per gram when they are in contact with soda 
lime glass beads each having a particle size of 200 - 500 urn. 

According to a third aspect of the present invention, the phosphor particles are those which are 
electrified or charged by charge more positive than -0.5 uC per gram when they are in contact with 
45 reduced iron powder whose particle size is in a range of 44 - 74 urn. 

According to the fluorescent lamp of the present invention, the adhering of mercury and its compounds 
to the phosphor layer, which is the cause of blackening the fluorescent lamp, can be reduced with a higher 
reliability and reproducibility. As the result, the rising characteristic of luminous flux at starting stage 
operation can be improved with a more, easiness and a higher reproducibility and the rate of lowering 
so luminous flux during long operation can be made lower. This lamp is most suitable for one smaller in size 
and having a high inner wall load, and its industrial value is extremely higher. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a graph showing the relation between relative luminous flux rate and lighting time in the case of 
55 the conventional fluorescent lamps, 

Fig. 2 schematically shows the structure of the Faraday cage of the blow-off powder charge measuring 
device which measures charges produced on phosphor matters employed by the present invention; 
Fig. 3A shows particles of carrier powder; 
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Fig. 3B shows the particles of carrier powder mixed with those of measuring sample; 

Fig. 4 shows a contact electrification series including phosphors various kinds of carrier powder used for 

determing the phosphors position in the series are also shown; 

Fig. 5 is a graph showing an example of interrelations between particle size and charge amount; 
5 Fig. 6 shows the interrelation between charge and electronegativity in the case of inorganic compounds 
measured with the blow-off charge measuring device; 

Fig. 7 shows the relation of charge values obtained when glass beads or particles of reduced iron 
powder are used as carrier according to the blow-off manner; 

Fig. 8 shows a structure of the tow pressure mercury lamp according to the present invention; 
70 Fig. 9 shows another structure of the fluorescent lamp according to the present invention; 

Fig. 10 shows a further structure of the fluorescent lamp according to the present invention; 

Fig. 11 shows the charge of samples obtained by the blow-off manner when reduced iron powder is used 

as the carrier; 

Fig. 12 shows the charge of another sample obtained by the blow-off manner when reduced iron powder 
75 is used as the carrier; 

Fig. 13 is a graph showing the relation between the luminous flux rate of a fluorescent lamp and the 
lighting time thereof after the lamp is kept lighting over 24 hours; 

Fig. 14 is a graph showing the relation between the relative luminous flux of another fluorescent lamp 
and the lighting time thereof after the lamp is kept lighting over 24 hours; 
20 Fig. 15 is a graph showing the relation between the relative luminous flux of the fluorescent lamp and the 
charge tendency of the phosphor after the lamp is lighted for five minutes; 

Fig. 16 is a graph showing the relation between the relative luminous flux rate of the other lamp and the 
charging tendency of the other phosphor after the lamp is lighted for five minutes; 

Fig. 17 is a graph showing the relation between the relative luminous flux of a further fluorescent lamp 
25 and the lighting time thereof; 

Fig. 18 is a graph showing the relation between the luminous flux decrement of the fluorescent lamp and 
the charging tendency of a further phosphor; and 

Fig. 19 is a graph showing the relation between the luminous flux decrement of a further fluorescent 
lamp and the charging tendency of a further phosphor. 
30 Our inventors have found that the blackening of fluorescent lamps, particularly those of the high load 
type, which blackening is caused by mercury adsorption, is interrelated to the charging tendency of the 
surface of phosphor particles (including surface treating agents) which form the phosphor layer. The present 
invention is based on this finding. 

The fluorescent lamp of the present invention is provided according to three aspects. 
35 The fluorescent lamp according to the first aspect of the present invention comprises a light transmis- 
sion glass tube in which filling gases including mercury and rare gase are filled, a phosphor layer coated on 
the inner wall of the light transmission glass tube and including phosphor particles, and a means for keeping 
positive column discharge generating in the filling gases, wherein the charging tendency of the phosphor 
particles which form the phosphor layer is more negative than metal oxides each having a metal ion 
40 electronegativity Xi of 7.0 and more positive than metal oxides each having a metal ion electronegativity Xi 
of 11.8 and wherein the metal ion electronegativity Xi can be defined in such a way that Xi = (1 + 2z) Xo. 

The fluorescent lamp according to the second aspect of the present invention comprises a light 
transmission glass tube in which filling gases including mercury and rare gas are filled, a phosphor layer 
coated on the inner wall of the light transmission glass tube and including phosphor particles, and a means 
45 for keeping positive column discharge generating in the filling gases, wherein the phosphor particles are 
those which are charged or electrified by positive charge smaller than 3.0 uC per gram when they are in 
contact soda lime glass beads whose particle size is in a range of 200 - 500 urn. 

The fluorescent lamp according to the third aspect of the present invention comprises a light 
transmission glass tube in which filling gases including mercury and rare gas are filled, a phosphor layer 
50 coated on the inner wall of the light transmission glass tube and including phosphor particles, and a means 
for keeping positive column discharge generating in the filling gases, wherein the phosphor particles are 
those which are charged by charge more positive than -0.5 uC per gram when they are in contact with 
reduced iron powder whose particle size is in a range of 44 - 74 urn. 

It is preferably that the surface of the phosphor particles is coated with some kind of oxides, which have 
55 a predetermined amount, to have and keep the above-mentioned charge. 

The fluorescent lamp of the present invention is extremely effective when it is of the high tube wall load 
type in which the inner wall load ranges from 500W/m 2 to 2G0OW/m 2 . 

When dissimilar two materials are being in contact with each other, positive and negative charges, same 
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in amount, are usually generated on the surface of each of the materials, it is said that positive-charged 
materials have positive-charging tendency and that negatively-charged materials have negative-charging 
tendency. A contact electrification series is obtained according to charging tendencies of materials, ranking 
a material which is positively charged against any materials at the top and a material which is negatively 

5 charge relative to any material at the bottom. Some electrification series are well-known about natural and 
organic materials when arbitrarily selected two kinds of materials in the series are in contact with each 
other, the material which is ranked up is positively charged while the other material which is ranked low is 
negatively charged. Materials are regarded to have strong positively-charging tendency as they are ranked 
nearer to the top of the series. 

10 It is said that managanese-activated zinc silicate phosphor (2n 2 Si04:Mn), for example is liable to be 
blackened, it has been found that Zn 2 Si04:Mn among lamp phosphors has the strong negatively charged 
tendency. On the other hand, mercury filled in the light transmission glass tube reacts with impurity gas as 
CO2 emitted from the component in the lamp to become Hg D . It has been found that this HgO which is a 
mercury compound tends to be more positively charged than Zn2SiO*:Mn. It is therefore supposed that 

/5 when Zn2Si04:Mn adsorbs HgO, those surfaces of Zn 2 Si04:Mn and Hg Q which are in contact with each 
other are charged negatively and positively respectively, and the blackening of the phosphor layer is 
caused because electrostatic attractive force thus created make it difficult to release them from each other. 
In other word, it is supposed that the blackening of the phosphor layer is more liable to be caused as the 
charging tendency of a material becomes more and more apart from that of Hg 0 This has been confirmed 

20 from results obtained by chemically analyzing substance adsorbed. 

The atomic ratio of ZnO to Si02 in ZnoSiO^rMn is 2 : 1 in stoichiometry composition, but in the 
commercial phosphors it is hardly 2 : 1 and the value of ZnO relative to Si02 is often in a range of 1.5 - 2.2. 
Generally speaking, the phosphor Zn 2 SiCX:Mn is strongly negatively charged, as described above, and 
when the compositional ratio of ZnO relative to Si02 is smaller than 2.0. the negative-charging tendency of 

25 the phosphor becomes stronger. When it is larger than 2.0, however, this tendency becomes weaker. It has 
been therefore found that it is difficult to judge the charge characteristic of a phosphor from its chemical 
formula. In addition to this deviation from the stoichiometry composition, various factors are present to make 
it difficult to judge the charge characteristic of phosphors. 

In the case of the fluorescent lamp according to the present invention, phosphor particles (including 

30 those surface-treated in some way) have a charging tendency more negative than metal oxides each having 
a metal ion electronegativity of 7.0 but more positive than metal oxides each having a metal ion 
electronegativity of 1 1 .8. To speak more concretely, phosphor particles whose charge amount per gram is 
found smaller than 3.0 uC measured by the Faraday cage of the blow-off powder charge measuring device 
when they are in contact with soda lime glass beads whose particle size is in a range of 200 - 500 urn, or 

35 those whose charge amount per gram is found more positive than -0.5 uC when they are in contact with 
reduced iron powder whose particle size is in a range of 44 - 74 urn are used, so that the occurrence of 
blackening can be suppressed with higher reliability and reproducibility. 

The charge characteristic (or charging tendency of phosphor particles which form the phosphor layer is 
measured as follows in the case of the present invention. 

40 Fig. 2 schematically shows the structure of the Faraday cage of the blow-off powder charge measuring 
device. The Faraday cage 1 is made of conductive material and a wire mesh filter 2 (Taylor No. 400-mesh 
stainless steel net) is attached to one end of the cage 1 while a nozzle 3 is attached to the other end 
thereof. A capacitor 6 and an electrometer 7 are connected to the Faraday cage 1. A mixture of sample 
powder 4 whose particle size is smaller than aperture size of the wire net 2 and carrier powder 5 whose 

45 particle size is larger than aperture size of the wire mesh 2 is contained in the Faraday cage 1 . When 
compressed gas (or nitrogen gas, for example) is blown for this mixture through the nozzle 3, only the 
sample powder 4 is blown off outside the cage 1 through the wire mesh 2. Charge Q same in amount as 
that carried away with the sample powder 4 and having a polarity opposite to that of charge earned away 
with the sample powder 4 remains in the carrier powder 5 which is left in the cage 1. This charge Q can be 

50 calculated to be Q = C • V from voltage V measured by the electrometer 7 and capacity C of the capacitor 
6. When weight m of the sample powder 4 blown off is used, the powder charge amount per gram can be 
obtained in the form of -Q m (coulomb gram). 

Powder that does not pass through the 400-mesh is usually used as the carrier powder 5. Carrier (or 
soda lime glass beads) which had a particle particle size too large to pass through the 200-mesh filter was 

55 used in this case. Phosphor particles (or powder) which had a particle size small enough to pass through 
the 400-mesh were used as the sample powder 4. 

An example of preparing a measuring sample will be described in the following. 

Carrier powder of 20g and phosphor powder of 0.2 g are accurately measured by the chemical balance, 
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transferred into an agate mortar, and well mixed by soft hand blending pestle. This mixture is transferred 
into a wide-mouth polyethylene bottle and shaken for five minutes by the shaker for through mixing. 0.2 g of 
this mixed powder of carrier and sample powders is accurately measured to prepare the sample which is to 
be used for the blow-off powder charge measurement. The stoichiometry composition ratio of this mixed 

5 powder in weight is carrier 100 relative to phosphor 1. Figs. 3A and 3B show particles of the carrier powder 
and those of the measuring sample (after it is mixed with the carrier). When the carrier powder 5 shown in 
Fig. 3A is mixed with the sample powder, the sample powder particles 4 are attached on each of the carrier 
particles as shown in Fig. 3B. 

Results obtained for various samples measured by the blow-off powder charge measuring device will be 

/o described. Charging tendencies of phosphors were ranked at first using various kinds of carrier. Fig. 4 
shows results thus obtained. This series of the charging tendency means that a material ranked up is 
charged positively and another material ranked low is charged negatively when arbitrarily selected two 
materials on the series when they are in contact with each other, it is expected from Fig. 4 that particles (or 
powder) of the phosphor adsorb fewer particles of HgO as the charging tendency of the phosphor is ranked 

75 nearer to that of HgO but that they adsorb more particles of HgO as the charging tendency of the phosphor 
is ranked remoter from that of HgO. (However, Fig. 4 shows no quantitative charging tendency of phosphors 
but only the ranking of them, (t cannot be therefore predicted how much blackening is caused when they 
are at what position in the series remote from HgO unless trial and error are made.) 

Contact charge amount of various phosphors were measured using, as the carrier powder, soda lime 

20 glass beads (GB-377 made by Toshiba Bailotini Corporation) each having the above-mentioned particle size 
of 200 - 500 urn. It was found that most of the phosphors were charged positive ( + ) and that they has a 
charge of 0.1 - 3 u.C/g. It was also found that relatively a few of them were charged negative (-). However, it 
was also found in this measurement that measured values were dispersed, depending on particle size, 
preparing lot, and the deviation from the stoichiometry composition of the phosphors. Of these factors, the 

25 particle size affects the contact charge amount most significantly. This effect may be attributed to the large 
difference in the surface area of the sample powders. Fig. 5 shows the relation between charge amount and 
particle size in a case where Y2 03:Eu phosphor is used as the sample powder. As shown in Fig. 5, it can 
be understood that the charge amount of the phosphor depends largely its particle size even when the 
phosphor composition is not charged. 

30 Measurement will be therefore carried out in the present invention under such a condition that the 
phosphor sample powders have nearly the same particle sized are made same. More specifically, charge 
amounts of the phosphors will be measured in the present invention under the condition that particle sizes 
of the phosphors are within 5 ± 2 urn. Results measured under this condition are shown in Table 1. 

35 
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Tab!© 1 



Sample No. 


Phosphor (Chemical Formula): 


Charge (uC/g) 


1 


BaMg 2 Al 16 027:Eu 2 * 


1.5 


2 


(Sr,Ca), 0 (PO4)6C£ 2 :Eu 2 * 


1.8 


3 


(Sr,Ca,Ba)i 0 (PO4)6C£ 2 :Eu 2 * 


1.6 


4 


(Ba.Ca.Mg), 0 (PO* ) 5 C i 2 :Eu 2 


1.2 


5 


La2O 3 *0.2SiO2 # 0.9P 2 O~:Ce f Tb 


0.7 


6 


<La,Ce,Tb)P0 4 


0.8 


7 


Y 2 Si0 5 :Ce,Tb 


-0.5 


8 


(Ce,Mg)AlnOi 9 :Tb 


1.1 


9 


Zn 2 Si04:Mn 


•2.8 


10 


Y 2 0 3 :Eu 3 * 


2.0 


11 


YV0 4 :Eu 3 * [ 


-1.5 


12 


Y(P,V)04:Eu 3 * 


1.4 


13 , 


Y 2 0 2 S:Eu 3 * 


0.7 


14 


3.5MgO • 0.5MgF 2 * Ge0 2 :Mn 


3.3 


15 


Znn(P04 )?:Mn 


-2.5 



Fig. 6 shows the charging tendencies of simple oxides including HgO. This result was obtained by 
using the blow-off powder charge measuring device (see Journal Of Electrochemical Society; Page 842, 
Volume 133 (1986)). The product of the charge amount of each of the particulate oxides, same in particle 
size, relative to iron powder, and the specific gravity of each of them is plotted on the vertical axis in Fig. 6. 
Values of their charge amounts shown are large accordingly. 

As apparent from Fig. 6, the change amounts measured as described above have extremely good 
interrelation to electronegativities Xj of metal ions which form the oxides, and the oxides tend to be charged 
more positive as Xj becomes smaller while more negative as Xj becomes larger. 

The ion electronegativity X, of metal is expressed by the next equation. 



X, = (1 + 2Z) Xq 

wherein Z represents the ion valence of metal ion and Xq be notes the Pauling's electronegativity. 

HgO has substantially the same charging tendency as those of Y 2 03. It is therefore supposed that HgO 
is difficult to be adsorbed onto those phosphors whose main component is Y2O3. On the contrary, it is 
difficult for HgO to be adsorbed onto those phosphor particles whose charging tendency is largely different 
or remote from that of HgO. It was therefore experimentally confirmed how much difference in charging 
tendency was allowed from that of HgO for manufacturing the fluorescent lamps with good performance. It 
was thus found that the occurrence of blackening could be suppressed when those phosphor particles 
whose charge amount measured according to the above-mentioned measuring manner were smaller than 3 
uC/g were used. When the charge amount of phosphor particles becomes larger than 3 uC/g, its difference 
from that of HgO becomes too large and the possibility of blackening becomes high. More preferable 
charge amount is in range of 0.5 - 2.5 uC/g. 

Charge amounts of various phosphor particles were measured in the above case using, as the carrier, 
the glass beads each having a predetermined particle size, but same charging tendency was found in a 
case where reduced iron powder each particle having a particle size of 44 - 74 urn was used as the carrier. 
Preferable charge in this case, however, is in a range of -0.5 - 2.5 uC/g. 

Charging tendency which does not depend on the particle size can be determined as follows. First 
charging tendencies of metal plates can be examined basing on those of the oxide particles. The metal 
plate is tilted from the horizontal plane by about 45 degrees, particles of each of the oxides are rolled over 
the slope of this metal plate and they are received in a Faraday cage type receptacle. The charge polarity 
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of the particles is checked in a receptacle to which an electrometer and a capacitor are connected. When 
oxide A shows positive polarity against type plat© and oxide B shows negative polarity against the plate, the 
charging tendency of the plate lies between those of A and B. The charging tendency position among those 
of oxides can be correctly determined by using this procedure successively with various oxides. The 
5 charging tendency positions thus obtained of metal plates such as nickel, chromium and tantalum are also 
shown in Fig. 6. Next, the metal plates whose charging tendency positions have been determined in this 
manner are tilted, particles of each of the phosphors are rolled over the slopes of these metal plate and 
their charge polarities are checked in the receptacle. Their charging tendencies relative to that of the metal 
plates can be thus obtained. From these charging tendencies of metal oxides, meta!s and phosphors which 

;o are obtained as described above, it can be indirectly understood what relation exists in the charging 
tendencies of mercury oxides and phosphors. Even in the case of phosphor particles whose particle size is 
different from thoso of the others, therefore their charging tendency can be compared using Fig. 6. 

The charge amount of 0.5 - 2.5 uC/g obtained by the blow-off powder charge measuring device in the 
case where each of the phosphor particles has the particle size of 5 + 2 urn and the glass glass Deads 

J5 each having a certain particle size is used as the carrier, means in Fig. 6 such a charging tendency that is 
positioned more positive than that of metal tantalum but more negative than that of nickel. When this 
charging tendency is expressed in the form of the metal ton electronegativity, it is in a range of 7.0 - 11.8. It 
is therefore important that the charging tendency of phosphor particles is positioned more negative than that 
of metal oxides each having the metal ion electronegativity of 7.0 but more positive than that of metal 

20 oxides each having the metal ion electronegativity of 1 1 .8. 

As more concrete example of the phosphors (or phosphor particles) employed by the present invention, 
there can be cited blue emitting phosphors activated by divalent europium such as BaMg;>A£ i e 0 27 Eu 2 * , 
SRio(PCM6C£ 2 :Eu 2 \ (Sr, Ca)io(PC>4)&C£ 2 :Eu 2 \ (Sr, Ca. Ba)io(P04)&Cl 2 :Eu 2 + and (Ba, Ca. Mg), 0 <PC>4)- 
&Ci 2 :Eu 2 *; green emitting phosphors such as La 2 0 3 0.2siO 2 0.9P 2 Os:Ce.Tb, LaPO^Ce.Tb. Y 2 SiOs: Ce.Tb, 

25 CeMgA^jOi^Tb, and Zn?SiC)4:Mn. red emitting phosphors activated by trivalent europium such as 
Yr03:Eu 3 VYV04:Eu 3 \ Y(P.V)C>4 :Eu 3 \ and Y?0;S:Eu 3 * and other rare-earth phosphors. As charge char- 
acteristics of phosphors or surface-treated phosphors, it is important in the present invention that their 
charging tendencies are positioned more negative than that of metal oxides each having the metal ion 
electronegativity X, of 7.0 but more positive than that of metal oxides each having the X t of 11.8, that they 

30 are charged positive smaller than 3.0 tiC per gram when they are in contact with the glass beads each 
having the particle size of 200 - 500 urn and that they are charged more positive than -0.5 uC per gram 
when they are in contact with reduced iron powder having the particle size of 44 - 74 urn. Further, those 
materials in which the above-mentioned blue, green and red emitting phosphors are mixed in such a way 
that the color temperature become 2800 - 10000K can be used, and these cases meet the above-mentioned 

35 charge characteristics. 

When the charge characteristics of inorganic compounds shown in Fig. 6 are taken into consideration, 
the charge characteristics of phosphors can be controlled in the scope of the present invention by coating 
their particle surfaces with those inorganic compounds whose charge characteristics (polarity and charge 
amount) are similar to those of HgO, that is, oxides such as At 2 03 and alkali rare-earth metal compounds 

40 such as Ca 2 P 2 07, Sr 2 P 2 0z and Ba 2 P 2 0 7 . 

When those phosphor particles whose surfaces are treated by inorganic compounds are to be used, it 
is desirable that the weight percent of each of the inorganic compounds contained in the phosphor is in a 
range of 0.01 - 5.0, more preferably 0.01 - 3.0. It is because the effect of controlling the charging tendency 
of the phosphor is not sufficient when the amount of the inorganic compound attached to the phosphor 

45 particles is smaller than 0.01 weight% and because the luminous efficiency of the phosphor is lowered 
when it exceeds 5.0 weight%. 

Table 2 shows results obtained by measuring the charge characteristics of phosphors by the blow-off 
powder charge measuring device, said phosphors being coated (or mixed) with inorganic compounds at 
their particle surfaces. 
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A sample 17 shown in Table 2 is prepared by surface treating the sample 7 shown in Table 1, and a 
sample 28 shown in Table 2 is prepared by surface-treating the sample 6 shown in Table 1. As apparent 

45 from Table 2, it can be understood that the surface-treated phosphors have characteristics different from 
those phosphors not surface-treated shown in Table 1 . 

Charge amounts obtained when samples prepared by surface-coating the phosphor particles (Y 2 03:Eu) 
with MgO or SiC>2 of 0.1 - 0.5 weight% were measured using the glass beads or reduced iron powder had 
such a relation as shown in Fig. 7. In short, Measured values are different, depending upon the carrier used. 

50 it is preferable that metal oxide selected from the group of MgO, CaO, SrO, BaO and ZnO is used as 
the inorganic compound with which the phosphor particles are surface-coated. It is because metal ion 
electronegativities of these metal oxides are smaller than 7 and their surface charging tendencies are 
positioned properly more positive side than that of HgO, so that the charging tendency of the surface of the 
phosphor can be controlled toward more positive side by even a small coating amount, and that a they can 

55 be prevented from reacting with HgO to more effectively suppress the blackening of lamp. Further, the 
inorganic compound which is used to surface-treat the phosphors is selected by taking into consideration of 
charging tendency, chemical stability and light absorbability for ultraviolet and light emitted from the 
phosphors. Metal oxides such as alkaline earth elements, rare-earth elements including yttrium, aluminium 
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and gallium each having an electronegativity smaller than 1 1 are charged positive relative to iron, and other 
metal oxides such as titanium, tantalum and phosphorus each having an electronegativity large than 11 are 
charged negative relative to iron. Needless to say, they can be used in the form of a mixture, if total effect 
of the surface treatment brings the phosphor charging tendency into the proper region and meet to other 

5 conditions such as chemical stability etc. as mentioned above. 

The fluorescent lamp, particularly of the high load type having an inner wall load of 500 - 2000W/m 2 , is 
liable to be blackened because mercury and its oxides are adsorbed on the phosphor layer of the lamps, as 
described above. When the charging tendency of the phosphor particles which form the phosphor layer of 
the lamp is positioned more negative side than that of metal oxides each having the electronegativity X 5 of 

v 7.0 but more positive side than that of metal oxides each having the electronegativity Xi of 11.8, these 
phosphor particles are charged positive and smaller than 3.0 uC per gram at the time of their contact with 
tho soda lime glass beads each having the particle size of 200 - 500 urn, and they are charged positive and 
larger than -0.5 wC gram at the time of their contact with the reduced iron powder particles each having the 
particle size of 44 - 74 urn, therefore, the blackening of the lamp can be suppressed with higher reliability 

/r, and reproducibility. 

Various examples of the present invention will be set forth below. 

Example 1: 

to Samples Nos. 1, 3, 5, 6, 8, 12, 13, 22, 24 and 25 shown in Tables 1 and 2 were selected and their 
phosphor particles were dispersed into a solvent in which a binder was solved to prepare slurries. 

Fluorescent lamps each shaped like a straight tube shown in Fig. 8 were made using the phosphor 
slurries. As shown in Fig. 8, the slurry including one of the phosphors was coated on the inner wall of each 
of straight glass tubes 11 and baking and exhausting steps were applied to the glass tubes 11 after they 

25 were dried to form a phosphor layer 14 on the inner wall of each of the glass tubes 11. Sealing gases 
including mercury were then filled in each of the glass tubes 11 and both ends of each of the glass tubes 
11 were sealed by caps 12 in which lighting circuits were housed. These glass tubes 11 were then aging- 
treated. Each of the fluorescent lamps thus prepared is so arranged that electrodes (not shown) are 
attached to both ends of the glass tube 11 and that the phosphor layer 14 in the glass tube 11 is made 

30 luminous by absorbing ultraviolet rays generated from mercury excited when predetermined voltage is 
added to the electrodes through the caps 12. Fluorescent lamps 13 of the straight tube type each having an 
inner wall load of 700W/m 2 , a diameter of 25 mm and a length of 1200 mm were made in this manner. The 
following evaluation was made for the lamps prepared. 

35 Evaluation of Lamp Blackening: 

In order to check the occurrence of lamp blackening due to the adsorption of Hg while the fluorescent 
lamps were lighting, an enforced lighting test was applied to the lamps at a high load, that is, by a 30- 
second cycle of ON - OFF method according to the life test defined in JIS C 7601. The lighting life test 
40 which usually takes 1000 - 2000 hours can be shortened to about 10 hours by using this 30-second cycle 
ON - OFF method. JIS is an abridgment of "Japanese Industrial Standards" which unifies and standardizes 
matters relating to techniques and products in the mining and industrial fields. 

The lamp blackening due to the adsorption of Hg was evaluated as follows: These lamps which had no 
blackening just after their lighting (zero hour) were evaluated as point 10. The lamps which has been lighted 
45 for predetermined hours were evaluated over ten step values from practical viewpoints. What the lamps had 
the blackening just after zero hour means that they had already been blackened before their lighting or at 
the aging process. 

The evaluation steps are roughly shown as follows: 

Points 10 - 9 — No problem, 
so Points 8-7 — Usable but having problem in appearance. 

Points 6-5 — Bad in appearance and luminous flux lowered. 

Points 4 - 3 — Bad in appearance and difficult to light. 

Points 2 - 1 — Neither lighted nor used. 

Results obtained by evaluating the lamp blackening as described above are shown in Table 3. The 
55 blow-off powder charge measuring device shown in Fig. 2 and the glass beads which served as the carrier 
were used to measure charge amounts of the phosphors used in the lamps. Results thus obtained are also 
shown in Table 3. 
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Example 2: 

Fluorescent lamps 16 each shaped like a letter U as shown in Fig. 9 were made using the same 
phosphor matters as in Example 1. A phosphor layer was formed on the inner wall of each of U-shapsd 
5 glass tubes 15 in the same way as in Example 1 and filling gases including mercury were filled in the glass 
tube 15. Both ends of the glass tube 15 were then sealed by the cap 12 in which a lighting circuit was 
housed. The U-shaped fluorescent lamps 16 each having an inner wall load of lO00W/m s , a length of 410 
mm and diameter of 20 mm were prepared in this manner and the same blackening evaluation and charge 
amount measurement as in Example 1 were made. Results thus obtained are shown in Table 4. 

10 

Example 3: 

Samo phosphor matters as in Example 1 were used and a phosphor layer was formed on tho inner wall 
of each of curved glass tubes 17 in the same manner as in Example 1. Curved fluorescent lamps 18 shown 

75 in Fig. 10 were thus prepared. As shown in Fig. 10, each of the curved fluorescent lamps 18 is so arranged 
that filling gases including mercury are filled in the curved glass tube 17 on the inner wall of which the 
phosphor layer is formed and that one end of the glass tube 17 is sealed by the cap 12 in which the lighting 
circuit is housed. The fluorescent lamps 18 of the compact type each having an inner wall load of 1500Wm 
were prepared in this manner and the blackening evaluation was made in the same way as in Example 1 . In 

20 Fig. 10, numeral 12a represents an electronic lighting circuit. 12b a power source case and 12c a heat 
insulating substrate. 

Comparison Examples 1 - 3 shown in Tables 1 - 3 represent those fluorescent lamps which were made 
under same conditions as in the above-described Examples, using phosphor matters selected from samples 
1 - 13 in Table 1 and samples 16 - 25 in Table 2, said selected phosphor matters having negative charge or 
25 being positioned in the electrication (charging) series remote from HgO. Same blackening evaluation and 
charge amount measurement were made for these Comparison Examples thus prepared. 
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As apparent from Tables 3, 4 and 5, the fluorescent lamps shown as Comparison Examples 1 - 3 and in 
which phosphor materials having negative charge or being positioned In the electrification (charging) series 
55 remote from HgO were used were more liable to be blackened. In the case of the fluorescent lamps of the 
present invention shown as Examples 1 - 3 and in which the surface charge characteristic of phosphor 
particles used was defined, however, it was found that the occurrence of blackening could be suppressed 
for a longer time and that their luminous flux lowering rates could be made smaller accordingly. 
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Example 4: 

1.10 g of magnesium nitrate (MgfNOafe) was dissolved in pure water of 200 cc and 100 g of rare earth 
aluminate-silica-phosphate green emitting phosphor activated by cerium and terbium ((La 0 .csCeo. 2 = T b 0 .is)- 
5 2O3 0.003At2<I>3 0.0005SiO2 I.OO3P2O5) was added to the solution, and thus prepared suspension solution 
was stirred. 

While the stirring pH of the solution was adjusted to alkali area by adding ammonia water (NH4OH) to 
produce magnesium hydroxide gel in the solution. After further fully stirring it under this state, the phosphor 
was washed several times by pure water using the decantation method and its suspension was filtered by 
70 means of suction. A cake like residue thus obtained was dried at a temperature of 300 - 400 0 C and a 
surface-treated phosphor was thus obtained. 

Tho phosphor particles thus obtained were surface-coated with MgO colloidal poariclos of 0.3 weight%. 

A 4W fluorescent lamps FL4 (15.5 mm, inner wall load: 1 10CW/m 2 ) shown in Fig. 8 was made as usual, 
using the green emitting phosphor. Its initial luminous output, that after it was lighted for 1000 hours and the 
15 coloration (blackening) of its phosphor layer were measured and evaluated. Results thus obtained are 
shown in Table 6. 

On the other hand, the rare earth ulmic alminate-silica-phosphate green emitting phosphor activated by 
cerium and terbium and used by the above-mentioned Example was used without being coated with any of 
metal oxides, and the same fluorescent lamp of the straight tube type was prepared. Its characteristics were 
20 measured under the same conditions as in the above Example. Both of the initial luminous output and that 
after 1 000-hour lighting thus measured for the surface coated phosphor are shown as relative values when 
each value of the phosphor without being coated (Comparison Sample) is expressed as 100%. As the 
blackening of the lamp tube becomes lighter, its evaluation value is taken higher up to its maximum point 
10. 

25 The luminous output after 1000-hour lighting in the case of our Example was 110%, as compared with 
that of the phosphor without being surface coated (Comparison Sample). The blackening of the lamp tube in 
the case of the Comparison Sample was 6.0 but it was 9.0 in the case of our Example. The quality of the 
lamp according to the invention could be thus improved. The initial luminous output was not largely lowered 
but kept substantially the same as that of the Comparison Sample. 

30 

Example 5: 

1.0g of zinc oxide (ZnO) fine powder (particle size: about 0.05 urn) was put into pure water of 200 cc 
and fully suspended. 100g of rare earth silica-borate-phosphate green emitting phosphor activated by 

35 cerium and terbium ((Lao^Ceo^sTbo.isteOa 0.001 Si0 2 0.988P 2 Os 0.0005B 2 Os) was then added to the 
suspension and fully stirred. Acryl emulsion 0.1 g and poly acrylic acid ammonium 0.05 g were succes- 
sively added to it and uniformly dispersed. The suspension thus prepared was then filtered by means of 
suction and a cake-like residue was dried at about 120*C. Phosphor-particles thus prepared were surface- 
coated by colloidal ZnO particles of 1.0 weight%. 

40 Using this green emitting phosphor, a fluorescent lamp was made in the same way as in Example 4 and 
its characteristic were measured and evaluated under the same conditions as in Example 4. Results thus 
obtained are shown in Table 6. 

A Comparison Sample shown in Table 6 represents a fluorescent lamp which was made under the 
same condition as in Example 4 but using the green-emitting phosphor without being coated with any of 

45 metal oxide particles. Results shown in Table 6 are obtained for the Comparison Sample thus prepared. 
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Examples 6-16: 

30 

Green emitting phosphors were prepared in the same manner as in Example 4 while changing the kind 
of green emitting phosphor as well as the kind and the concentration of that metal oxide by which the green 
emitting phosphor was to be coated. Using green emitting phosphors thus prepared, fluorescent lamps were 
made and the same characteristic evaluations were conducted. Results thus obtained are shown in Table 6. 

35 

Comparison Examples 4 and 5: 

Using phosphors which have the same in composition as those in Examples 4 and 7, green emitting 
phosphors were prepared in the way same as in Example 4 but different in that the amount of metal oxide 

40 particles attached to the phosphors were set smaller than 0.01 weight% or larger than 3.0 weight%. 
Fluorescent lamps were made using the green emitting phosphors thus prepared, and the same characteris- 
tic evaluations were made about the lamps. 

In the case of the fluorescent lamps of the high load type (higher than 500W/m 2 ) in which the 
phosphors shown as Examples were used, the lowering of their luminous outputs after their long time 

45 lighting can be reduced while keeping their initial luminous outputs substantially the same as those of the 
conventional ones, and the blackening of the fluorescent lamps can also be suppressed, as apparent from 
Table 6. Further, it is found that better effect can be achieved when the amount of metal oxides surface- 
attached to the phosphors is in a range of 0.01 - 1.0 weight%. 

so Example 17: 

100 g of yttrium oxide red emitting phosphor activated by europium having an average particle size of 
4.2 urn was suspended in pure water. To the phosphor suspension thus made was added 1 m of another 
suspension which was made by adding 1 weight% of colloidal magnesium oxide particles (BAIKALOX Ml 20 
55 made by Baikowski Corporation) to pure water, and after it was stirred over 30 minutes, it was filtered by 
means of suction and dried at 125 ° C. A cake like residue thus obtained was further baked in air at 350 °C 
for 5 hours. A phosphor thus surface-treated was obtained. 

When the phosphor particles thus obtained were observed through the scanning electron microscope, it 
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was confirmed that MgO colloid particles were well distributed and attached on the surface of each of the 
phosphor particles. 

0.4 g of the phosphor thus obtained and the reduced iron powder (TEFV made by NIPPON TETSUFUN 
Corporation) having the particle size of 74 - 44 urn were mixed with each other and when the contact 
5 charge amount of the phosphor against to the iron powder was measured by the blow-off device, it was 
+ 0.9 uC/g. 

The phosphor was dispersed in solution in which a binding agent such as nitrocellulose was contained 
to prepare a slurry. This slurry including the phosphor was coated to a certain thickness on the inner wall of 
a straight glass tube having an inner diameter of 10 mm and after it was dried, baking process was applied 

10 to it to remove the binder from it. Mercury and filling gas were filled in the glass tube and both ends of the 
glass tube were sealed by caps. A fluorescent lamp of the straight tube type having a length of 300 mm 
between its caps was thus made. The lamp was provided with a small pipe which served as the cooler 
portion of the lamp to enable excess mercury to condense thereon. 

The luminous flux of the lamp reached its stationary value after about 30 seconds operation since the 

75 lamp was lighted. The luminous flux after 300-hour lighting measured relative to its initial value 
(maintenance value) was 90%. This result is shown in Table 7. 

Example 18: 

20 0.2 g of zinc hydroxide colloid which was prepared by adding 0.2 mol/l of ammonium solution and 0.1 

mol/l of zinc sulfate solution instead of magnesium oxide in Example 17 was surface-attached to the red- 
emitting yttrium oxide phosphor particles activated by europium. Filtering and drying were applied to it in 
the same way as in Example 17 and a surface-treated phosphor was thus prepared. The zinc hydroxide 
colloid was changed to zinc oxide colloid by the drying process. 

25 The contact charge of this phosphor against the iron powder was measured in the same manner as in 
Example 17. A fluorescent lamp was made according to the same process as in Example 17 and its 
characteristics were evaluated in the same manner as in Example 17. Results thus obtained are shown in 
Table 7. 

30 Comparison Example 6: 

Using yttrium oxide phosphor activated by europium but with no metal oxide attached to its particle 
surfaces, a fluorescent lamp was made in the same manner as in Example 17. The contact charge amount 
of this phosphor against the iron powder was 0.3 uC/g and the luminous flux maintenance value of the lamp 
35 was 87%. These results are shown in Table 7. 

Comparison Examples 7 and 8: 

Silica colloid (OX-50 made by Japan Aerosil Corporation) instead of magnesium oxide colloid in 
40 Example 17 was attached to particle surfaces of the yttrium oxide phosphor activated by europium to 
prepare samples. Using these samples, fluorescent lamps were made in the same manner as in Example 
17. Contact charge amounts of the phosphors and characteristics of the fluorescent lamps were evaluated in 
the same manner as in Example 17. Results thus obtained are shown in Table 7. 

In the case of these Comparison Examples 6 - 8 or fluorescent lamps, it took 5 - 6 minutes that their 
45 luminous flux reached the stationary value after starting their lighting. 

Examples 19-21: 

According to the same manner as in Examples 17-18, magnesium or zinc oxide was attached to 
so particle surfaces of green emitting zinc silicate phosphor particle activated by manganese and having an 
average particle size of 5.7 urn. The amount of magnesium oxide or zinc oxide attached was changed as 
shown in Table 7 in this case. Using these phosphors, fluorescent lamps were made in the same manner as 
in Example 17 and contact charge amounts of the phosphors and characteristics of the fluorescent lamps 
were evaluated also in the same manner as in Example 17. Results thus obtained are shown in Table 7. 

55 

Example 22: 

0.5 weight% of magnesium oxide colloid was firstly attached to particle surfaces of the green emitting 
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zinc silicate phosphor activated by manganese to prepare a sample. 0.2 weight 0 /© of silica colloid was then 
attached to this sample. Using a phosphor thus prepared, a fluorescent lamp was made in the same manner 
as in Example 17 and the contact charge amount of the phosphor and characteristics of this lamp were 
evaluated also in the same way as in Example 17. Results thus obtained are shown in Table 7. 

5 

Comparison Examples 9 and 10: 

Silica colloid was attached to particle surfaces of the green emitting zinc silicate phosphor activated by 
manganese to prepare a phosphor sample whose contact charge amount against to the iron powder was out 
io of the range of the present invention. Using this phosphor sample, fluorescent lamps were made in the 
same way as in Example 17 and contact charge amounts of the phosphors and characteristics of the 
fluorescent lamps were evaluated also in the same manner as in Example 17. Results thus obtained are 
shown in Tablo 7. 
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When colloidal metal oxide particles are attached to surfaces of phosphor particles and charging 
tendency of the phosphors are controlled in such a way that their contact charge amounts against the 
reduced iron powder having the particle size of 44 - 74 urn are in a range of -0.5 to 1.5 uC'g, it is 
understood from Table 7 that the occurrence of blackening and the luminous flux lowering in the high load 
type fluorescent lamps can be suppressed. 

Yttrium oxide activated by europium and charged positive against the iron powder and zinc silicate 
phosphor activated by manganese and charged negatively against the iron powder were cited as the 
phosphors used in the above-described Our and Comparison Examples. Further, magnesium oxide and zinc 
oxide charged positively against the iron powder and silica charged negatively against the iron powder were 
cited as the surface-attaching metal oxides. It is understood from these Examples that the charging 
tendency of each of the phosphor can be changed toward that of the surface-attaching metal oxide used or 
that the charging tendency of each of the phosphors can be controlled by selecting proper kind and amount 
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of the surface-attaching metal oxide used. 
Example 23: 

5 (La, Ce, Tb)(P, St)04 and Zn2 s iO*:Mn were selected as phosphors and MgO and ZnO were selected as 

metal oxides charged positively while Si02 as a metal oxide charged negatively. Suspensions of the 
phosphors were added to those of the metal oxides and they were stirred, filtered by means of suction, 
dried at a temperature higher than 125° C, baked at 350 * C and passed through the 200-mesh net filter. 
Their particle charge amounts against the iron powder which was used as the carrier were measured by the 
70 blow-off charge measuring device. Results thus obtained are shown in Figs. 11 and 12. Fig. 11 shows 
results obtained in the case of (La, Ce, Tb)(P, Si)04 and Fig. 12 results obtained in the case of Zn 2 SiO*:Mn. 
As apparent from Figs. 11 and 12, charging tendency charge trends of the phosphors can be controlled in a 
significantly wide range when particle surfaces of the phosphors are coated with the metal oxides. 

Fluorescent lamps were made, using the surface-treated phosphors and after they were kept to put on 
75 for 100 hours and then put off over 24 hours, the rising of their luminous fluxes at early stage of the lighting 
was measured. Results thus obtained are shown in Figs. 13 and 14. Fig. 13 shows results obtained in the 
case of (La, Ce, Tb)(P t Si)(X and Fig. 14 results obtained in the case of 2n 2 Si0 4 :Mn. 

The relation between relative luminous flux and charging tendency was measured about these 
fluorescent lamps after five minutes since they were put on. Results thus obtained are as shown in Figs. 15 
20 and 16. Fig. 15 shows results obtained in the case of (La, Ce. Tb)(P, Si)0< and Fig. 16 results obtained in 
the case of Zn 2 Si0 4 ;Mn. 

As apparent from these Figures, the best condition for the rising of luminous flux existed depending 
upon the charging tendency of the phosphor used and it was when the charging tendency of the phosphor 
used relative to the iron powder was in a range of 0 - +1 uC'g in the case of these phosphors. 
25 A fluorescent lamp was made in the same way but using Y 2 0 3 :Eu as the phosphor. The relation 
between luminous flux and lighting time for this lamp after 300-hour life test such a tendency as shown in 
Fig. 17. After rising to a point A, the luminous flux drops to a point B and then rises to stable point C. It was 
found that the dropping of the luminous flux decrement from the point A to the point B depends upon the 
charging tendency of the phosphor. Fig. 18 is a graph showing the charge tendency of the phosphor 
30 Y2 03:Eu against the reduced iron powder and the luminous flux decrement. The decrement is expressed as 
(A - B) + A x 100%, where A and B means the relative luminous flux at A and B points in Fig. 17, 
respectively. 

Example 24: 

35 

Phosphor particles were prepared to have a certain charging tendency by coating particle surfaces of 
green-emitting phosphor (La, Ce. Tb)(P, Si/O* with 0.1 weight% of MgO. A fluorescent lamp having an inner 
wall load of 750W/m 2 and such structure as shown in Fig. 10 was made using the phosphor Lighting test 
was conducted for this fluorescent lamp. Its luminous flux rising and other characteristics were improved to 
40 a greater extent, as compared with those of the conventional fluorescent lamps. 

Same results were obtained even in the case where a mixture of two or more of red-emitting phosphor 
Y 2 03:Eu, green-emitting phosphor (La, Ce, Tb)(P, Si)04 and blue-emitting phosphor BaMg 2 At M 0 2 z:Eu was 
used. Fig. 19 is a graph showing the relation between luminous flux decrement and charging tendency in 
the case where the fluorescent lamp was made using the phosphor of three component mixture type. 

45 

Claims 

1. A fluorescent lamp (13) comprising: 
light transmission glass tube (11); 

a phosphor layer (14) formed on the inner wall of the light transmission glass tube (11) and a 
including phosphor particles; 

a gas filled in the light transmission glass tube (11) and including a mercury gas and rare gas; and 
a means, arranged in the transmission glass tube (11), for generating positive column discharge in 
the gas; 

characterized in that the charging tendency of the phosphor particles is positioned more negative 
side than that of metal oxides each having a metal ion electronegativity that of Xi of 7.0 but more 
positive side than that of metal oxides each having a metal ion electronegativity X< of 11.8 and wherein 
Xi = (1 + 2z)Xo in which z represents an ion valency of a metal ion and Xo represents Pauling's 
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electronegativity. 

2. The fluorescent lamp (13) according to claim 1, characterized in that the phosphor particles are coated 
with a metal oxide. 

5 

3. The fluorescent lamp (13) according to claim 1, characterized in that inner wall load of the lamp (13) is 
in a range of 500 - 2000W/m 2 . 

4. The fluorescent lamp (13) according to claim 2, characterized in that the meta! oxide includes oxide of 
w at least one metal selected from the group consisting of Mg, Ca, Sr, Ba, Zn, At Ga, Y, rare earths, B, 

P, Ta, Ti, and Si. 

5. Tho fluorescent lamp (13) according to claim 4. characterized in that tho amount of the metal oxido 
coated on the phosphor particles is in a range of 0.01 - 3.0 vveight%. 

75 

6. The fluorescent lamp (13) according to claim 1, characterized in that the phosphor particles include 
those of at least one green-emitting phosphor selected from the group consisting of rare earth 
aluminate-silicate-phosphate phosphor activated by cerium and terbium, rare earth borate-silicate- 
phosphate phosphor, rare earth borate-silicate-phosphate phosphor and rare earth aluminate-borate- 

20 phosphate phosphor. 

7. The fluorescent lamp (13) according to claim 1, characterized in that a three-component type rare earth 
phosphor composition is used as the phosphor. 

25 8. A fluorescent lamp (13) comprising: 

a light transmission glass tube (11); 

a phosphor layer formed on the inner wall of the light transmission glass tube (11) and including 
phosphor particles; 

gases filled in the light transmission glass tube (11) and including a mercury gas and a rare gas; 

30 and 

a means, arranged in the light transmission glass tube (11), for generating positive column 
discharge in the gas; 

characterized in that the phosphor particles are charged positive and smaller than 3.0 uC per gram 
when they contact with soda lime glass beads each having a particle size of 200 - 500 urn. 

35 

9. The fluorescent lamp (13) according to claim 8, characterized in that the phosphor particles are coated 
v/ith a metal oxide. 

10. The fluorescent lamp (13) according to claim 8, characterized in that inner wall load of the lamp (13) is 
40 in a range of 500 - 200W/m 2 . 

11. The fluorescent lamp (13) according to claim 9, characterized in that the metal oxide includes oxide of 
at least one metal selected from the group consisting of Mg, Ca, Sr, Ba, Zn, At Ga. Y rare earths, B, P, 
Ta, Ti and Si. 

45 

12. The fluorescent lamp (13) according to claim 11, characterized in that the amount of the metal oxide 
coated on the phosphor particles is in a range of 0.01 - 3.0 weight 0 /©. 

13. The fluorescent lamp (13) according .to claim 9, characterized in that the phosphor particles include 
50 those of at least one green-emitting phosphor selected from the group consisting of rare earth 

aluminate-silicate-phosphate green emission phosphor activated by cerium and terbium, rare earth 
borate-silicate-phosphate phosphor, rare earth orthophosphate phosphor and rare earth aluminate- 
borate-phosphate phosphor. 

55 14. The fluorescent lamp (13) according to claim 8, wherein a three-component type rare earth phosphor 
composition is used as the phosphor. 

15. A fluorescent lamp (13) comprising a light transmission glass tube (11); 
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a phosphor layer (14) formed on the inner wall of the light transmission glass tube (11) and 
including phosphor particles; 

gas filled in the light transmission glass tube (11) and including a mercury gas and a rare gas; and 
a means, arranged in the light transmission glass tube, for generating positive column discharge in 
s the gas; 

characterized in that the phosphor particles are charged positive and larger than -0.5 uC per gram 
when they are in contact with reduced iron powder having a particle size of 44 - 74 urn. 

16. The fluorescent lamp (13) according to claim 15, characterized in that the phosphor particles are coated 
w with a metal oxide. 

17. The fluorescent lamp (13) according to claim 15, characterized in that inner wall load of the lamp is in a 
range of 500 - 2000W/m 2 . 

75 18. The fluorescent lamp (13) according to claim 16, characterized in that the metal oxide includes oxide of 
at least one metal selected from the group consisting of Mg, Ca, Sr, Ba, Zn. At Ga, Y, rare earths, B, 
P. Ta, Ti and Si. 

19. The fluorescent tamp (13) according to claim 18, characterized in that the amount of the metal oxide 
20 coated on the phosphor particles is in a range of 0.01 -3.0 weight%. 

20. The fluorescent lamp (13) according to claim 16, characterized in that the phosphor particles include 
those of at least one green-emitting phosphor selected from the group consisting of rare earth 
aluminate-silicate-phosphate phosphate green emission phosphor activated by cerium and terbium, rare 

25 earth borate-silicate-phosphate phosphor, rare earth orthophosphate phosphor and rare earth aluminate- 

borate-phosphate phosphor. 

21. The fluorescent lamp (13) according to claim 15. characterized in that a three-component type rare 
earth phosphor composition is used as the phosphor. 
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